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Abstract. Inhomogeneous chemical evolution models of galaxies which try to reproduce the scatter seen in element-
to-iron ([el/Fe]) ratios of metal-poor halo stars are heavily dependent on theoretical nucleosynthesis yields of
core-collapse supernovae (SNe II). Hence inhomogeneous models present themselves as a test for stellar nucle-
osynthesis calculations. Applying an inhomogeneous chemical evolution model to our Galaxy reveals a number
of shortcomings of existing theoretical nucleosynthesis yields. One problem is the predicted scatter in [O/Fe] and
[Mg/Fe] which is too large compared to the one observed in metal-poor halo stars. This can be either due to the
oxygen or magnesium yields or due to the iron yields (or both). However, oxygen and magnesium are α-elements
that are produced mainly during hydrostatic burning and thus are not aected by the theoretical uncertainties
aicting the collapse and explosion of a massive star. Stellar iron yields, on the other hand, depend heavily on
the choice of the mass-cut between ejecta and proto neutron star and are therefore very uncertain. We present
iron yield distributions as function of progenitor mass that are consistent with the abundance distribution of
metal-poor halo stars and are in agreement with observed 56Ni yields of core-collapse supernovae with known
progenitor masses. The iron yields of lower-mass SNe II (in the range 10− 20 M) are well constrained by those
observations. Present observations, however, do not allow to determine a unique solution for higher-mass SNe.
Nevertheless, the main dependence of the stellar iron yield as function of progenitor mass may be derived and can
be used as constraint for future core-collapse supernova/hypernova models. The results are of importance for the
earliest stages of galaxy formation when the ISM is dominated by chemical inhomogeneities and the instantaneous
mixing approximation is not valid.
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1. Introduction
The key to the formation and evolution of the Galaxy
lies buried in the kinematic properties and the chemical
composition of its stars. Especially old, metal-poor halo
stars and globular clusters are ideal tracers of the forma-
tion process. Although many of the properties of the halo
component and its substructures have been unveiled, it is
still not possible to decide whether the Galaxy formed by a
fast monolithic collapse (Eggen, Lynden-Bell & Sandage,
1962), by the slower merging and accretion of subgalac-
tic fragments (Searle & Zinn 1978) or within the context
of a hybrid picture, combining aspects of both scenarios.
Recently, Chiba & Beers (2000) made an extensive inves-
tigation to address this question, concluding that a hybrid
scenario, where the inner part of the halo formed by a fast,
dissipative collapse and the outer halo is made up of the
remnants of accreted subgalactic fragments, best explains
Send offprint requests to: D. Argast, e-mail:
argast@astro.unibas.ch
the observational data. It also seems to be consistent with
the theory of galaxy formation based on cold dark matter
scenarios (see e.g. Steinmetz & Mu¨ller 1995; Gnedin 1996;
Klypin et al. 1999; Moore et al. 1999; Pearce et al. 1999;
Bekki & Chiba 2000; Navarro & Steinmetz 2000).
However, the kinematic structure of the halo alone is
not sucient to draw a conclusive picture of the formation
of the Galaxy. Old, unevolved metal-poor halo stars allow
us to probe the chemical composition and (in)homogeneity
of the early interstellar medium (ISM) and its evolution
with time, since element abundances in the stellar atmo-
spheres of those stars directly reflect the chemical com-
position of the material out of which they formed. It is
almost impossible to determine the age of single stars (ex-
cept in a few cases where radioactive thorium or uranium
was detected, see e.g. Cayrel et al. 2001). Therefore, the
metallicity Z or iron abundance [Fe/H] of a star is taken
as an age estimate, knowing that an age–metallicity rela-
tion can only be used in a statistical sense for the bulk of
stars (see e.g. Argast et al. 2000, hereafter Paper I).
2 D. Argast et al.: Implications of O and Mg abundances for stellar iron yields
Common chemical evolution models mostly assume
that the metal-rich ejecta of supernovae (SNe) are mixed
instantaneously and homogeneously into the ISM. Models
using this approximation, together with theoretical nu-
cleosynthesis yields of type Ia and type II SNe, can ex-
plain the behaviour of element-to-iron ratios [el/Fe] of
stars as function of metallicity [Fe/H] for many elements
and for [Fe/H]  −2. At these metallicities, even the low-
est mass core-collapse supernovae (SNe II) have exploded.
This shows that the instantaneous mixing approximation
is valid at this stage and that the stellar yields averaged
over the initial mass function (IMF) are { with some ex-
ceptions { accurate within a factor of two (Samland 1997).
However, observations of very metal-poor stars show
signicant scatter in [el/Fe] ratios at [Fe/H] < −2, in-
dicating that the ISM was not well mixed at this stage
(see Paper I). These local chemical inhomogeneities were
probably mainly caused by SNe II, since progenitors of
SN Ia have much longer lifetimes and are unimportant un-
til [Fe/H]  −1. At these early stages of galaxy formation,
the instantaneous mixing approximation is not valid and
yields depending on the mass of individual SNe II become
important. Therefore, accurate nucleosynthesis yields as
a function of progenitor mass are crucial for the under-
standing of the earliest stages of galaxy formation.
In Paper I, a stochastic chemical evolution model
was presented which accounts for local chemical inho-
mogeneities caused by SNe II with dierent progenitor
masses. The model can successfully reproduce the scatter
in [el/Fe] ratios as function of [Fe/H] for some elements like
Si or Ca, but fails in the case of the two most abundant -
elements, O and Mg. The scatter in [O/Fe] and [Mg/Fe] is
much larger than observed and predicts stars with [O/Fe]
and [Mg/Fe]  −1:0. This result depends mainly on the
applied stellar yields, demonstrating that either the oxy-
gen/magnesium or the iron yields (or both) as a function
of progenitor mass are not well determined by the nucle-
osynthesis models.
The solution of this problem is important for the un-
derstanding of the chemical evolution of our Galaxy. The
formation of oxygen and magnesium in hydrostatic burn-
ing and ejection during a SN event is much better un-
derstood than the formation and ejection of 56Ni (which
decays to 56Fe) and forms the bulk of the ejected iron.
The amount of 56Ni is directly linked to the still not fully
understood explosion mechanism (c.f. Liebendo¨rfer et al.
2001; Mezzacappa et al. 2001; Rampp & Janka 2000). Any
attempt to alter stellar yields should therefore start with
iron and iron-group elements, since they suer from large
uncertainties in nucleosynthesis theory. In this work, we
tentatively present a method to derive stellar iron yields
as function of progenitor mass from the observations of
metal-poor halo stars, assuming given yields of oxygen
and magnesium. In Sect. 2 we give a short description of
the stochastic chemical evolution model, followed by the
discussion of global constraints on stellar iron yields from
observations in Sect. 3. Implications for stellar yields and
conclusions are given in Sect. 4 and Sect. 5, respectively.
2. The chemical evolution model
Observations of very metal-poor halo stars show a scatter
in [el/Fe] ratios of order 1 dex. This scatter gradually de-
creases at higher metallicities until a mean element abun-
dance is reached which corresponds to the [el/Fe] ratio of
the stellar yields integrated over the initial mass function
(IMF). Our stochastic chemical evolution model of Paper
I follows the enrichment history of the halo ISM in a cube
with a volume of (2.5 kpc)3, down to a resolution of (50
pc)3. Every cell of the grid contains detailed information
about the enclosed ISM and the mass distribution of stars.
For the purpose of this paper, the enrichment of the ISM
with O, Mg, Si, Ca and Fe is computed.
At every time-step, randomly chosen cells may create
stars. The likelihood for a cell to form a star is propor-
tional to the square of the local ISM density. The mass of
a newly formed star is chosen randomly, with the con-
dition that the mass distribution of all stars follows a
Salpeter IMF. The lower and upper mass limits for stars
are taken to be 0:1 M and 50 M, respectively. Newly
born stars inherit the abundance pattern of the ISM out of
which they formed, carrying therefore information about
the chemical composition of the ISM at the place and time
of their birth.
Stars in a range of 10−50 M are assumed to explode
as SNe II (or hypernovae, we will use the term SNe II as
synonym for hypernovae unless otherwise noted) resulting
in an enrichment of the neighbouring ISM. Intermediate
mass stars form planetary nebulae, which return only
slightly enriched material. Low mass stars do not evolve
signicantly during the considered time but serve to lock
up part of the mass, aecting therefore the abundances
of elements with respect to hydrogen. Since the explo-
sion energy of a SN II presumably depends only slightly
on the mass of its progenitor (Woosley & Weaver 1995;
Thielemann et al. 1996), we assume that each SN II sweeps
up about 5104 M of gas (Ryan et al. 1996; Shigeyama &
Tsujimoto 1998). Stellar yields are taken from Thielemann
et al. (1996) and Nomoto et al. (1997). Additionally, the
yields of the 10M progenitor were set to 1=10 of the
yields of the 13M model. We then linearly interpolated
the stellar yields given in these papers, since we use a
ner mass-grid in our simulation. The interpolation gives
IMF averaged values of the [el/Fe] ratios which are in good
agreement (within 0.1 dex) with the observed mean values
of metal-poor stars.
The SN remnant sweeps up the enriched material in
a spherical, chemically well mixed shell. Stars which form
out of material enriched by a single SN inherit its abun-
dances and therefore show an element abundance pattern
which is characteristic for this particular progenitor mass.
This will lead to a large scatter in the [el/Fe] ratios, as
long as local inhomogeneities caused by SN events dom-
inate the halo ISM. Since the SN remnant formation is
the only dynamical process taken into account, our model
shows the least ecient mixing possible of the halo ISM.
This is contrary to chemical evolution models using the
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Fig. 1. [O/Fe] and [Mg/Fe] ratios vs. metallicity [Fe/H] of metal-poor halo stars (squares and triangles) and model stars (dots).
Circles depict [O/Fe] and [Mg/Fe] ratios of SN II models of the given progenitor mass. (See text for details.)
instantaneous mixing approximation. We continued our
calculation up to an averaged iron abundance of [Fe/H]
= −1:0. At this metallicity SN Ia events, which we did
not include in our model, start to influence the ISM sig-
nicantly. A more detailed description of the model can
be found in Paper I.
We have to emphasize one important result: Starting
with a primordial ISM and taking into account local inho-
mogeneities caused by SNe II, the initial scatter in [el/Fe]
ratios is determined solely by the adopted nucleosynthe-
sis yields. The details of the chemical evolution model
only determine how fast a chemically homogeneous ISM is
reached, i.e. how the scatter evolves with time or (equiv-
alently) iron abundance [Fe/H]. Therefore, the range of
[el/Fe] ratios of the most metal-poor stars do not depend
on specic model parameters but are already xed by the
stellar yields chosen.
3. Global constraints on stellar Fe yields
As mentioned in the introduction, existing nucleosynthe-
sis models, combined with a chemical evolution model
taking local inhomogeneities into account, predict [O/Fe]
and [Mg/Fe] ratios less than solar for some metal-poor
stars. This is in contrast to observations of metal-poor halo
stars, as can be seen in Fig. 1. The left hand panel shows
the [O/Fe] ratio of observed and model stars as func-
tion of iron abundance [Fe/H] and the right hand panel
the same for [Mg/Fe], where the model stars are plot-
ted as small dots. The observational data were collected
from Magain (1989), Molaro & Bonifacio (1990), Molaro
& Castelli (1990), Peterson et al. (1990), Bessell et al.
(1991), Ryan et al. (1991), Spiesman & Wallerstein (1991),
Spite & Spite (1991), Norris et al. (1993), Beveridge &
Sneden (1994), King (1994), Nissen et al. (1994), Primas
et al. (1994), Sneden et al. (1994), Fuhrmann et al. (1995),
McWilliam et al. (1995), Balachandran & Carney (1996),
Ryan et al. (1996), Israelian et al. (1998), Jehin et al.
(1999), Boesgaard et al. (1999), Idiart & Thevenin (2000),
Carretta et al. (2000) and Israelian et al. (2001).
Combining data from various sources is dangerous at
best, since dierent investigators use dierent methods to
derive element abundances with possibly dierent and un-
known systematic errors. This influences the scatter in
[el/Fe] ratios which plays a crucial ro^le in determining
the chemical (in)homogeneity of the ISM as function of
[Fe/H]. Unfortunately, there is no investigation with a
sample of oxygen/magnesium abundances of metal-poor
halo stars that is large enough for our purpose. Therefore,
we are forced to combine dierent data sets, keeping in
mind that unknown systematic errors can enlarge the in-
trinsic scatter in element abundances of metal-poor stars.
Recently, Idiart & Thevenin (2000) and Carretta et al.
(2000) reanalyzed data previously gathered by other au-
thors and applied NLTE corrections to these data samples
which is a rst step in reducing the scatter introduced by
systematic errors. Therefore we divided the collected data
into two groups, namely the data of Idiart & Thevenin
and Carretta et al., which is represented by triangles and
the data of all other investigators, represented by squares.
If there are multiple observations of a single star, abun-
dances are averaged and pentagons and diamonds are used
for the rst and second group, respectively.
Also plotted in Fig. 1 as circles are [el/Fe] ratios pre-
dicted by nucleosynthesis models by Thielemann et al.
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Fig. 2. [O/Mg] vs. [Mg/H] ratios of metal-poor halo stars.
Nucleosynthesis models predict a narrow region of possible
[O/Mg] ratios (hatched) which is not consistent with the scat-
ter of the observations. Symbols are as in Fig. 1.
(1996). The numbers in the circles give the mass of the
progenitor star in solar masses. In the picture of inho-
mogeneous chemical evolution, a single SN event enriches
the primordial ISM locally (in our model by mixing with
5  104 M of ISM) with its nucleosynthesis products.
Depending on the mass of the progenitor star, the result-
ing [O/Fe] and [Mg/Fe] ratios in these isolated patches
of ISM cover a range of over two dex and as long as the
ISM is dominated by these local inhomogeneities, newly
formed stars will show the same range in their [el/Fe] ra-
tios. In particular, this means that stars with [O/Fe] and
[Mg/Fe] as small as -1.0 are inevitably produced by our
model. This is in contrast to the bulk of observed metal-
poor halo stars, which show [O/Fe] and [Mg/Fe] ratios
in the range between 0.0 and 1.2, and is a strong indi-
cation that existing nucleosynthesis models may correctly
account for IMF averaged abundances but fail to repro-
duce stellar yields as function of progenitor mass.
Oxygen and magnesium are produced mainly during
hydrostatic burning in the SN progenitor and only a small
fraction of the ejecta stems from explosive neon- and
carbon-burning (see e.g. Thielemann et al. 1990, 1996).
The hydrostatic burning phases are thought to be well
understood, although one has to keep in mind that the
important (eective) 12C(, γ)16O reaction rate is still
uncertain and that the treatment of rotation and convec-
tion may also influence the amount of oxygen and magne-
sium produced during hydrostatic burning (e.g. Heger et
al. 2000). Furthermore, there seems to be an additional un-
certainty concerning either the yields of these -elements
or the derivation of O and Mg abundances in metal-poor
halo stars: The theoretical nucleosynthesis yields of oxy-
gen (YO (m)) and magnesium (YMg (m)) show a very sim-
ilar dependence on progenitor mass m, i.e. in rst order
we can write YMg (m)  (5− 6) 10−2 YO (m). Therefore,
model stars show an almost constant [O/Mg] ratio which
is of the order of the solar value with a scatter of approx-
imately 0:2 dex (hatched region in Fig. 2). In contrast
to the theoretical predictions, metal-poor halo stars show
a scatter of more than 1 dex, as can be seen in Fig. 2.
This means that either our understanding of nucleosyn-
thesis processes during hydrostatic burning is incomplete
or that oxygen abundances at very low metallicities tend
to be overestimated (or magnesium abundances underes-
timated). A crude argument shows that we should not ex-
pect a drastic change in the progenitor mass dependence
of O and Mg yields: Magnesium is to rst order a prod-
uct of hydrostatic carbon- and ensuing neon-burning in
massive stars. The amount of freshly synthesized magne-
sium depends on the available fuel, i.e. the size of the
C-O core after hydrostatic He burning which in turn de-
termines the amount of oxygen that gets expelled in the
SN event. Thus, O and Mg yields as function of progen-
itor mass should be roughly proportional to each other.
A very large mass loss during hydrostatic carbon burning
could reduce the size of the C-O core and thus decrease
the amount of synthesized magnesium for a given progen-
itor mass. This would result in a larger scatter of [O/Mg]
ratios than indicated by the hatched region in Fig. 2. But
the evolutionary timescale of carbon burning is very short
indeed, making a large change in the structure of the C-O
core unlikely. The problem hinted at in Fig. 2 is also con-
nected to the recent nding, that the [O/Fe] ratio of metal-
poor halo stars seem to increase with decreasing metallic-
ity [Fe/H] whereas the [Mg/Fe] ratio seems to stay almost
constant (see e.g. Israelian et al. 1998, 2001; Boesgaard et
al. 1999; King 2000; but see also Rebolo et al. 2001).
On the other hand, iron-peak nuclei are a product of
explosive silicon-burning. Unfortunately, no self-consistent
models following the main-sequence evolution, collapse
and explosion of a massive star exist to date which would
allow to determine reliably the explosion energy and the
location of the mass-cut between the forming neutron star
and the ejecta (Liebendo¨rfer et al. 2001; Mezzacappa et
al. 2001; Rampp & Janka 2000). Therefore, nucleosynthe-
sis models treat the mass cut usually as one of several free
parameters and the choice of its value can heavily influ-
ence the abundance of ejected iron-group nuclei. For this
reason, we feel that oxygen and magnesium yields of nu-
cleosynthesis models are more reliable than iron yields, in
spite of the uncertainties discussed above. Furthermore,
the techniques described below will be valid even if we
do not use oxygen in our analysis and only work with
magnesium abundances. For the remaining discussion, we
therefore keep the stellar oxygen and magnesium yields as
a function of progenitor mass xed, assuming that they re-
produce the true production in massive stars well enough.
In order to reproduce the observed [O/Fe] and [Mg/Fe]
ratios of metal-poor halo stars, we then have to adjust
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the stellar iron yields YFe (m) as function of progenitor
mass m. Since it is not known from theory what func-
tional form YFe (m) follows with increasing progenitor
mass (increasing, declining or a more complex behaviour),
we have the freedom to make some ad hoc assumptions.
Nevertheless, some important constraints on YFe (m) can
be drawn from the scatter, range and mean of observed
[O/Fe] and [Mg/Fe] abundances, as visible from Fig. 1:
1. IMF averaged stellar yields (integrated over a complete
generation of stars) should reproduce the mean oxygen
and magnesium abundances of metal-poor halo stars,
i.e. [O/Fe]  0:4 and [Mg/Fe]  0:4.
2. Stellar yields have to reproduce the range and scatter
of [el/Fe] ratios observed. Using oxygen and magne-
sium as reference this requires:
−0:1  [O=Fe]  1:3; (1)
−0:1  [Mg=Fe]  1:2: (2)
3. There exist a few Type II and Type Ib/c SN ob-
servations (1987A, 1993J, 1994I, 1997D?, 1997ef and
1998bw?), where the ejected 56Ni mass and the mass of
the progenitor could be derived by analysing and mod-
elling the light-curve (e.g. Suntze & Bouchet 1990;
Shigeyama & Nomoto 1990; Shigeyama et al. 1994;
Iwamoto et al. 1994, 1998, 2000; Kozma & Fransson
1998; Turatto et al. 1998; Chugai & Utrobin 2000;
Sollerman et al. 2000). These observations give impor-
tant constraints on YFe (m) since they x the stellar
yield for a given progenitor mass, although they are
not unambiguous (see Sect. 3.3).
4. Since observations of metal-poor halo stars show no
clear trends in [O/Fe] and [Mg/Fe] with decreasing
[Fe/H] (except possibly oxygen, c.f. Sect. 3.4) we re-
quire that modied iron yields likewise do not intro-
duce any skewness in the distribution of model stars.
It is clear that it is not possible to predict YFe (m)
unambiguously, since the information drawn from obser-
vations is aicted by errors. We therefore do not attempt
to nd a solution, which reproduces the observations per-
fectly, but try to extract the global properties YFe (m) has
to fulll to explain the behaviour of observed [el/Fe] ratios
in metal-poor halo stars.
3.1. IMF averaged iron yields
Since the yields of Thielemann et al. (1996) were cali-
brated so that the rst constraint is fullled, we require
that the average iron yield of SNe stays constant when
we change the progenitor mass dependence of YFe (m).
Assuming a Salpeter IMF ranging from 0:1 M to 50 M
and assuming that all stars more massive than 10 M turn
into core-collapse SNe (or hypernovae, see e.g. Nakamura
et al. 2001), a SN II produces on average hYOi  1:9 M
of oxygen, hYMgi  0:1 M of magnesium and hYFei 
0:1 M of iron. Leaving the average oxygen and mag-
nesium yields unchanged and modifying the stellar iron
yields, we therefore always have to require that on aver-
age  0:1 M of iron are ejected per SN. Thus, YFe (m)








 0:1 M: (3)
Note that the average [el/Fe] ratio of the model stars
depends on the lower and upper mass limits of stars that
turn into SNe II and their yields. If we raise the lower
mass limit, the average oxygen yield of a SN will increase
since many stars with a low oxygen yield no longer con-
tribute to the enrichment of the ISM. The same is true for
magnesium and iron and the combination of the new av-
eraged yields may lead to slightly changed average [el/Fe]
ratios. Since there are only a few SNe with large progeni-
tor masses, changing the upper mass limit will have a very
small influence on the average [el/Fe] ratios. For the re-
maining discussion, we will keep the lower and upper mass
limits xed at 10 M and 50 M, respectively.
3.2. Range and scatter of observations
The second constraint can be used to calculate the range
that YFe (m) has to cover. In our picture of inhomogeneous
chemical evolution, we assume that the rst SNe locally
enrich the primordial ISM. Stars forming out of this en-
riched material therefore inherit the [el/Fe] ratio produced
by these SNe which is determined in turn by the stellar
yields Yel (m). Thus, for the rst few generations of stars
formed at the time the ISM is dominated by local chemi-
cal inhomogeneities, the following identity holds (with the
exception of H and He where also the abundances in the








Yel (m) =YFe (m)
Mel,=MFe,
;
where Nel, (Nel,?) is the number density of a given ele-
ment el in the solar (stellar) atmosphere and Mel, (Mel,?)
the corresponding mass fraction. (Solar abundances were
taken from Anders & Grevesse 1989). Now, let Yel (m) be
either the stellar yield of oxygen or of magnesium and ,
 the minimal and maximal [el/Fe] ratios derived from
observations. Then the constraint gives:
  [el=Fe]   ()
  log Yel (m) =YFe (m)
Mel,=MFe,
  ()
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Fig. 3. YFe (m) as function of progenitor mass and boundaries
constraining the range stellar iron yields have to satisfy to re-
produce the scatter in [O/Fe] and [Mg/Fe] of metal-poor halo
stars. According to nucleosynthesis models of Thielemann et al.
(1996) and Nomoto et al. (1997), SNe in the range 10−16M
clearly eject too much iron to be consistent with observations.
Also shown are observations of core-collapse SNe with known
progenitor mass and ejected 56Ni mass.
Since the yields of oxygen and magnesium as function of
progenitor mass are assumed to be known, we now have
two sets of inequalities the stellar iron yields have to sat-
isfy. The rst is derived from the minimal and maximal
[O/Fe] ratios (Eq. 1):
6:65  10−3  YO (m)  YFe (m)  0:167  YO (m) ; (4)
and the second from the minimal and maximal [Mg/Fe]
ratios (Eq. 2):
1:23  10−1  YMg (m)  YFe (m)  2:46  YMg(m): (5)
Thus, for any given progenitor mass, YFe (m) is only de-
termined within a factor of 20 { 25 and further constraints
are needed to derive a reliable iron yield.
Fig. 3 shows the stellar iron yield YFe (m) (solid line)
from Thielemann et al. (1996) and Nomoto et al. (1997),
binned with a bin size of 1 M. To reproduce the range
and scatter of [O/Fe] and [Mg/Fe] ratios observed in
metal-poor halo stars, YFe (m) should remain in the re-
gion enclosed by the boundaries given by Eqs. (4) and (5),
that are shown as dashed (representing [O/Fe] = −0:1),
long dashed (representing [O/Fe] = 1:3), dotted (repre-
senting [Mg/Fe] = −0:1) and dash-dotted (representing
[Mg/Fe] = 1:2) lines. Note that the lower lines in Fig. 3
represent the upper boundaries derived from metal-poor
halo stars and vice versa. Evidently, the iron yield of SNe
with progenitor masses in the range 10−16 M is outside
the boundaries given by metal-poor halo stars, leading
to the stars in our model with much too low [O/Fe] and
[Mg/Fe] abundances (as shown in Paper I, c.f. also Fig. 1).
Therefore, we can already conclude that the iron yields of
these SNe are too high and have to be reduced to be con-
sistent with observations. Consequently, the iron yields of
some higher-mass SNe have to be increased to keep the
IMF averaged [el/Fe] ratios constant (Eq. (3)). This can
easily be achieved by assuming a higher explosion energy
than the \canonical" 1051 erg of standard SN models for
the more massive stars (M  30 M), as was shown re-
cently by Nakamura et al. (2001). The reader should note
that Thielemann et al. (1996) and Nomoto et al. (1997)
calculated models only for the 13, 15, 18, 20, 25, 40 and 70
M progenitors. For the 10 M progenitor we assumed
an ad hoc iron yield of one tenth of the yield of a 13 M
star; the intermediate data points were then linearly in-
terpolated. The details of the interpolation and especially
the extrapolation down to the 10 M star influence the
mean [el/Fe] ratio of the ISM at late stages, when it can
be considered chemically homogeneous. Still, this does not
change the conclusion that the 13 and 15 M models of
Thielemann et al. produce too much iron (if we assume the
oxygen and magnesium yields to be correct), as is evident
from Figs. 1 and 3.
3.3. 56Ni yields from observed core-collapse SNe
There are six core-collapse SNe with known progenitor
mass and ejected 56Ni mass (which is the main source of
56Fe in SNe II explosions, by the decay 56Ni ! 56Co !
56Fe), namely 1987A, 1993J, 1994I, 1997D?, 1997ef and
1998bw?, that are shown in Fig. 3. Of these, SN 1987A is
the most extensively studied (see e.g. Suntze & Bouchet
1990; Shigeyama & Nomoto 1990; Bouchet et al. 1991a,
1991b; Suntze et al. 1992; Bouchet & Danziger 1993;
Kozma & Fransson 1998; Fryer et al. 1999) and the results
agree remarkably well. The progenitor mass was estimated
to be 202M, while 0:070+0.020−0.015 M of 56Ni were ejected
during the SN event.
SN 1993J had a progenitor in the mass range between
12 to 15 M and ejected approximately 0.08 M of 56Ni
(Shigeyama et al. 1994; Houck & Fransson 1996), which
is very similar to SN 1994I with a 13 to 15 M progeni-
tor and 0.075 M of ejected 56Ni (Iwamoto et al. 1994).
Although the amount of 56Ni ejected by those SNe lies
at the upper limit allowed under our assumptions, Fig. 3
shows that these values are still consistent with the con-
straints given by Eqs. 4 and 5.
Also consistent with our constraints is SN 1997ef with
a progenitor mass of 30 − 35 M and a 56Ni mass of
0:15  0:03 M (Iwamoto et al. 2000). The correspond-
ing iron yield of SN 1997ef is higher than predicted by
the nucleosynthesis models. This is exactly the behaviour
needed to adjust YFe (m) according to our constraints. SN
1997ef does not seem to be an ordinary core-collapse su-
pernova. The model with the best t to the lightcurve has
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Fig. 4. Iron yield YFe (m) respecting the constraints given by
observations of metal-poor halo stars. YFe (m) starts at a very
low value and increases continuously. A linear increase is not
possible since the mean [el/Fe] ratios have to be conserved.
an explosion energy which is about eight times higher than
the typical 1051 erg of standard SN models. Such hyper-
energetic Type Ib/c SNe are also termed hypernovae and
probably indicate a change in the explosion mechanism
around 25− 30 M which could result in a discontinuity
in the iron yield in this mass range.
In the case of SN 1997D, the situation is not clear.
Turatto et al. (1998) propose two possible mass ranges
for its progenitor: They favour a 26 M star (although
the progenitor mass can vary from 25 − 40 M) over a
possible 8 − 10 M progenitor. A recent investigation by
Chugai & Utrobin (2000) implies a progenitor mass in the
range 8− 12 M. Both groups deduce an extremely small
amount of newly synthesized 56Ni of only  0:002 M and
an unusual low explosion energy of only a few times 1050
erg. Since the situation about the progenitor mass remains
unclear, both possible mass ranges are shown in Fig. 3. On
the basis of the small amount of synthesized oxygen of only
0:02 − 0:07 M (Chugai & Utrobin 2000), we favour the
low-mass progenitor hypothesis, since according to nucle-
osynthesis calculations by Thielemann et al. (1996) and
Woosley & Weaver (1995) a high-mass progenitor would
produce a large amount of oxygen ( 3 M for a 25 M
progenitor). Moreover, in the latter case the observed 56Ni
abundance lies completely outside the boundaries derived
in Sect. 3.2, as can be seen in Fig. 3.
SN 1998bw seems to be another hypernova with a ki-
netic energy of (2 − 5)  1052 erg and may be physically
connected to the underluminous γ-ray burst GRB980425
(Galama et al. 1998; Iwamoto et al. 1998; Iwamoto 1999a,
1999b). The hypernova model assumes a progenitor mass
Fig. 5. Iron yield YFe (m) respecting the constraints given by
observations of metal-poor halo stars. YFe (m) starts at a some-
what higher value than in Fig. 4, reaches a maximum at about
30 M and decreases again.
of about 40 M, ejecting  0:7 M of 56Ni. Recently,
Sollerman et al. (2000) observed SN 1998bw at late phases
and made detailed models of its light curve and spectra.
They propose two possible scenarios for this hypernova:
one with a progenitor mass of 40 M and ejected nickel
mass of 0:5 M and the other with a 25 M progenitor
and 0:9 M of nickel. Note that the amount of nickel pre-
sumably synthesized by this 25 M SN is about 10 times
larger than predicted by SN models that use the \canon-
ical" kinetic explosion energy of 1051 erg. Nevertheless, it
is still consistent with the constraints derived in Sect. 3.2
and with recent calculations of explosive nucleosynthesis
in hypernovae by Nakamura et al. (2001).
3.4. Slopes in [el/Fe] vs. [Fe/H] distributions
Using only the constraints discussed in Sects. 3.1 and
3.2 still allows for a wide variety of possible iron yields
YFe (m). Not surprisingly, the information drawn from
those two constraints does not suce to derive realistic
yields. This is demonstrated by Figs. 4 and 5, where two
simple ad hoc iron yield functions are shown. The distri-
butions of model stars resulting from these iron yields are
plotted in Figs. 6 and 7.
In Fig. 4 the iron yield YFe (m) starts at the [O/Fe]
= 1:3 boundary, increases continuously with increasing
progenitor mass and ends at the [O/Fe] = −0:1 boundary.
Consequently, low-mass SNe create a high [O/Fe] ratio in
their surrounding primordial ISM, whereas it is close to so-
lar in the neighbourhood of high-mass SNe. The resulting
[O/Fe] distribution of model stars can be seen in Fig. 6.
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Fig. 6. [O/Fe] distribution of model stars resulting from the
iron yield shown in Fig. 4 (continuously increasing). The re-
sulting slope in the distribution of model stars is consistent
with observations of oxygen abundances, but contrary to ob-
servations a similar slope is also introduced in the [Mg/Fe]
distribution.
The distribution shows a clear trend from high to low
[O/Fe] ratios with increasing [Fe/H]. A simple least-square
t to our data yields [O/Fe] = −0:21 [Fe=H]+0:01. This
is in surprisingly good agreement with the result of King
(2000), who nds the relation [O/Fe] = −0:18 [Fe=H] +
0:02 after considering the eects of NLTE corrections to
oxygen abundance determinations from UV OH-lines.
The reason for the slope in our model is given by the
distribution of [O/Fe] and [Fe/H] ratios induced in the
metal-poor ISM by core-collapse SNe with dierent pro-
genitor masses, as indicated by the position of the cir-
cles in Fig. 6. All the low mass SNe with progenitors up
to 15 M induce high [O/Fe] and low [Fe/H] ratios in
the neighbouring primordial ISM, whereas high-mass SNe
produce low [O/Fe] and high [Fe/H] ratios (note that a
constant mixing mass of 5  104 M per SN event is as-
sumed, c.f. Sect. 2). SNe with intermediate masses induce
[O/Fe] ratios that lie approximately on a straight line con-
necting the two extrema. The distribution of model stars
of the rst few stellar generations follows this line closely.
As the mixing and chemical enrichment of the halo ISM
proceeds, the distribution then converges to the IMF av-
eraged [O/Fe] ratio. Although this inhomogeneous enrich-
ment is responsible for the slope which is in good agree-
ment with observations by e.g. Israelian et al. (1998),
Boesgaard et al. (1999), and King (2000), it fails to re-
produce the scatter seen in observed oxygen abundances.
Model stars with [O/Fe]  1:2 exist only at [Fe/H]  −3:5
and not at [Fe/H]  −2:5, where several are observed.
Fig. 7. [O/Fe] distribution of model stars resulting from the
iron yield shown in Fig. 5 (increasing, then decreasing). The
rising slope in the distribution of model stars clearly is not
consistent with observations.
Furthermore, a similar slope is introduced in the [Mg/Fe]
distribution ([Mg/Fe] = −0:26  [Fe=H] − 0:07), where
none is seen in observations and several model stars show
[Mg/Fe] ratios as large as  1:5. Therefore, this YFe (m)
has to be rejected (see however Rebolo et al. 2001 con-
cerning [Mg/Fe]).
The situation displayed in Figs. 5 and 7 is even worse.
Here, the iron yield starts at the [O/Fe] = −0:1 bound-
ary, increases with progenitor mass, reaches its maximum
around 30 M, decreases again and ends at the [O/Fe]
= 1:3 boundary. The resulting distribution in [O/Fe]
shows a rising slope, which is clearly in contradiction with
observations. The slope is a consequence of the fact that
the iron yield YFe (m) of SNe in the range 10−15 M stays
very close to the boundary that represents the ratio [O/Fe]
= −0:1. SNe in this mass range form the bulk of SN II
events and it is therefore not surprising that their large
number introduces a slope in the distribution of model
stars. Thus, this YFe (m) also has to be discarded.
These simple examples show that YFe (m) should not
run parallel to the boundaries over a large progenitor mass
interval, otherwise an unrealistic slope is introduced in
the [el/Fe] distribution of model stars. They demonstrate
further, that the information drawn from metal-poor halo
stars alone is not sucient to derive reliable iron yields,
and that information from SN II events and the shape of
the [el/Fe] distribution as function of [Fe/H] (i.e. how fast
the scatter decreases and whether slopes are present or
not) has to be included in our analysis.
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Fig. 8. S1: Iron yield YFe (m) respecting the constraints de-
duced from metal-poor halo stars and SN observations. The
10 M model of SN 1997D and 25 M model of SN 1998bw
are assumed to be correct.
Fig. 9. H1: Iron yield YFe (m) respecting the constraints de-
duced from metal-poor halo stars and SN observations. The
26 M model of SN 1997D and 40 M model of SN 1998bw
are assumed to be correct.
4. Implications for stellar Fe yields
We have seen that the yield of lower-mass SNe (in the
range 10− 20 M) is crucial to the distribution of model
stars in the [el/Fe] vs. [Fe/H] plots, since progenitors in
this mass range compose the bulk (approximately 69%)
Fig. 10. H2: Iron yield YFe (m) respecting the constraints de-
duced from metal-poor halo stars and SN observations. The
26 M model of SN 1997D and 25 M model of SN 1998bw
are assumed to be correct.
Fig. 11. S2: Iron yield YFe (m) respecting the constraints de-
duced from metal-poor halo stars and SN observations. The
10 M model of SN 1997D and 40 M model of SN 1998bw
are assumed to be correct.
of SN II events. Thus, the iron yield of lower-mass SNe
should not introduce a slope in the [el/Fe] distribution
but should cover the whole range of [O/Fe] and [Mg/Fe]
ratios allowed to reproduce the observations. To accom-
plish this, YFe (m) should not lie too close to the bound-
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aries given in Eqs. (4) and (5) in this mass range but
should start at the lower boundary ([O/Fe] = 1:3) and
reach the upper boundary ([O/Fe] = −0:1) for some pro-
genitor in the mass range 10−20 M. If the observed 56Ni
production of SN 1993J, 1994I and 1987A are also taken
into account, the observational constraints are stringent
enough to x the iron yield of the low mass SNe up to small
variations: YFe (m) starts at the lower boundary, increases
steeply in the range 10−15 M to the values given by SN
1993J and 1994I and remains almost constant in the range
15−20 M (to account for SN 1987A). For the remaining
discussion we therefore assume the yield in this range to be
 1:5  10−4 M for a 10 M progenitor,  5:5  10−2 M
for a 15 M progenitor and  7:0  10−2 M for a 20 M
progenitor. (The detailed yields resulting from our analy-
sis are listed in Table 1). We now take a look at possible
iron yields of high mass SNe corresponding to the dif-
ferent models of the progenitor masses of SN 1997D and
1998bw. There are four possible combinations of the pro-
genitor masses of those two SNe.
The rst case (model S1, shown in Fig. 8) gives the
best t to abundance observations of metal-poor halo
stars. Here, we preferred the lower mass progenitor mod-
els of SN1997D and SN 1998bw over the higher mass
models. The curve is characterized by a peak of 0:59 M
of iron at 25 M and a slow decline of the yield down
to 9:5  10−2 M for the 50 M progenitor. The yield
has to decline again to meet the mean abundances ob-
served in metal-poor halo stars. Obviously, YFe (m) fulls
the constraints discussed in Sects. (3.1), (3.2) and (3.3).
The resulting distribution of [O/Fe], [Mg/Fe], [Si/Fe] and
[Ca/Fe] is shown in Fig. 12. The distribution of model
stars in [O/Fe] and [Si/Fe] is in good agreement with
the distribution of observed stars while the mean [Mg/Fe]
and [Ca/Fe] ratios of our calculation are slightly shifted.
This problem also occurs when the original yields of
Thielemann et al. (1996) are used (c.f. Paper I) and will
persist for every YFe (m) we present since we did not
change the mean iron yield of 0:1 M (Eq. (3)). Note how-
ever, that even the distributions in [Si/Fe] and [Ca/Fe] t
the observations well. This is not mandatory (as will be
seen below), since we did not include these elements in the
derivation of the constraints discussed above.
Fig. 9 shows the iron yield under the assumption that
the higher mass models of SN 1997D and SN 1998bw are
correct (model H1). Here YFe (m) stays almost constant up
to 25 M, followed by a sudden plunge of the yield down
to 1:9 10−3 M to account for SN 1997D and then a con-
tinuous rise to 0:79 M of synthesized iron for the 50 M
progenitor that is necessary to account for the IMF aver-
aged yield. This sudden decrease of the iron yield could
indicate a change in the explosion mechanism from su-
pernovae with \canonical" kinetic explosion energies of
1051 erg to hypernovae with 10− 100 times higher explo-
sion energies. Unfortunately, as visible in Fig. 9, the very
low iron yield of the 26 M progenitor violates the [O/Fe]
= 1:3 and [Mg/Fe] = 1:2 boundaries derived from obser-
vations, so we would expect model stars with much too
high [O/Fe] and [Mg/Fe] ratios. This is indeed the case,
as can be seen in the corresponding [el/Fe] distribution
(Fig. 13). A closer examination of the [el/Fe] distribu-
tions reveals that these model stars are mainly present at
very low metallicities ([Fe/H]  −2:5) and in the case of
Si and Ca there are indeed several observations with very
high [el/Fe] ratios at [Fe/H]  −2:5. The situation for
oxygen remains unclear since no oxygen abundances were
measured at such metallicities where the eect is very pro-
nounced. A strong argument against this particular iron
yield is drawn from the distribution and scatter of magne-
sium and silicon abundances. Of all halo stars with [Fe/H]
 −2:5 only one shows [Mg/Fe]  0:8 and several show
[Si/Fe]  0:0 which is in contrast to the model. On the
basis of these shortcomings, we would therefore reject this
iron yield but, as will be discussed next, a small modica-
tion of YFe (m) will improve the results.
The iron yield shown in Fig. 10 (model H2) is a result
of the assumption that the 26 M model of SN 1997D to-
gether with the 25 M model of SN 1998bw is correct in-
stead of the 40 M model of SN 1998bw. Coincidentally,
YFe (m) is also compatible with the 10 M and 40 M
models of SN 1997D and SN 1998bw due to the require-
ment to keep the average iron yield constant. Fig. 14 shows
the resulting [el/Fe] distributions. The t in the [Si/Fe]
distribution is now signicantly improved while the prob-
lem of the model stars with very high [Mg/Fe] abundances
still persists. This is due to the low amount of 56Ni ejected
by the 26 M progenitor that is the same in models H1
and H2 (c.f. Figs. 9, 10 and Table 1). Although H1 and
H2 predict metal-poor halo stars with [O/Fe] and [Mg/Fe]
ratios as high as  1:5, they can not be discarded on
the basis of observations. However, the discovery of stars
with metallicities [Fe/H]  −2:5 and 0:8  [Mg/Fe]  1:5
would be a strong argument for the validity of this sudden
decrease in the iron yield.
Finally, in Fig. 11 we show a possible iron yield as-
suming that the 10 M model of SN 1997D and 40 M
model of SN 1998bw are correct (model S2). Here, YFe (m)
shows a plateau in the progenitor mass range from 15 M
to 30 M, followed by an increasing yield with higher pro-
genitor mass. The resulting [el/Fe] distribution shows a
slope in every element that is especially conspicuous in
silicon, as visible in Fig. 15. Furthermore, the scatter in
[O/Fe] and [Si/Fe] abundances is not tted by the model
stars. Although this particular yield distribution gives the
worst t to the data, it can not be clearly dismissed due
to the inherent uncertainty of the observations.
A physical explanation for the sudden drop of the
iron yield of SNe with progenitor masses around 25 M
was suggested by Iwamoto et al. (2000): Observational
and theoretical evidence indicate that stars with main-
sequence masses Mms  25 M form neutron stars with
a typical iron yield of  0:07 M, while progenitors more
massive than this limit might form black holes and, due
to the high gravitational potential, have a very low iron
yield. This might have been the case for SN 1997D. One
of the two possible models reconstructing its light-curve
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Fig. 12. [el/Fe] distribution of model stars for O, Mg, Si and Ca resulting from the iron yield shown in Fig. 8 (model S1).
assumes a 26 M progenitor and a very low kinetic en-
ergy of only a few times 1050 erg and an equally low
56Ni yield of  0:002 M. On the other hand, hyper-
novae such as 1997ef or 1998bw with progenitor masses
around 30 M and 40 M and explosion energies as high
as 10−100  1051 erg might be energetic enough to allow
for a high iron yield even if a black hole formed during the
SN event (see e.g. MacFadyen et al. 1995). However, an-
other model of SN 1998bw proposes a 25 M progenitor
with a kinetic energy typical for hypernovae (i.e. much
larger than the explosion energy of SN 1997D). This is
in some sense a contradiction to the case of SN 1997D
if we assume that a black hole formed in both cases: If
the explosion mechanism is the same for SN 1998bw and
SN 1997D it is natural to assume that the explosion en-
ergy scales with the mass of the progenitor and it is hard
to conceive a mechanism that would account for a high
explosion energy for a 25 M and a very low explosion
energy for a 26 M progenitor.
Therefore, model H1 would t nicely into the (qual-
itative) hypernova scenario proposed by Iwamoto et al.
(2000), whereas models S1 and H2 (yet) lack a physical
explanation. On the other hand, models S1 and H2 give
a much better t to the observations than H1. Although
the [el/Fe] distribution of metal-poor halo stars seems to
be best represented by model S1, we hesitate to name a
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Fig. 13. [el/Fe] distribution of model stars for O, Mg, Si and Ca resulting from the iron yield shown in Fig. 9 (model H1).
favourite out of S1, H1 or H2 on the weak observational
basis existing to date. Even so, H1 and H2 predict quite
a number of stars with very high [O/Fe], [Mg/Fe] and
[Si/Fe] ratios (up to 1.5 dex) at metallicities [Fe/H] < −2:5
and the discovery of such ultra -element enhanced stars
would be a strong argument in favour of the scenario pro-
posed by Iwamoto et al. (2000).
Table 1 gives the numerical values of YFe (m) as func-
tion of progenitor mass m for the models S1, S2, H1 and
H2. Model S1 gives the best t to the distribution of
-element abundances in metal-poor halo stars while S2
gives the worst. Although the models H1 and H2 violate
the constraints discussed above and thus do not give a t
as good as the one of S1, they cannot be ruled out on the
basis of the observational data.
5. Conclusions
Inhomogeneous chemical evolution models in conjunction
with a set of theoretical nucleosynthesis yields predict the
existence of very metal poor stars with subsolar [O/Fe]
and [Mg/Fe] ratios. No observational evidence of the exis-
tence of such stars is found, and recent investigations on
the contrary indicate an increasing [O/Fe] ratio with de-
creasing metallicity [Fe/H]. The unrealistic results of the
inhomogeneous chemical evolution model of our earlier in-
vestigation (c.f. Paper I) were primarily due to the input
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Fig. 14. [el/Fe] distribution of model stars for O, Mg, Si and Ca resulting from the iron yield shown in Fig. 10 (model H2).
stellar yields and not due to the details of the model it-
self. This is a strong indication that the progenitor mass
dependence of existing nucleosynthesis models is not re-
ally understood. This is in itself not surprising, since no
self-consistent models of the core-collapse and the ensu-
ing explosion exist to date (c.f. Liebendo¨rfer et al. 2001;
Mezzacappa et al. 2001; Rampp & Janka 2000). A crucial
parameter of explosive nucleosynthesis models is the mass-
cut, i.e. the dividing line between proto neutron star and
ejecta. This gives rise to a large uncertainty in the amount
of iron that is expelled in the explosion of a massive star.
On the other hand, oxygen and magnesium are mainly
produced during hydrostatic burning and are therefore
not strongly aected by the details of the explosion mech-
anism.
The predictions of this inhomogeneous chemical evolu-
tion model can be rectied under the assumption that the
stellar yields of oxygen and magnesium reproduce the true
production in massive stars well enough and by replacing
the choice of mass-cut and thus the stellar iron yields of
Thielemann et al. (1996) and Nomoto et al. (1997) by ad
hoc iron yields YFe (m) as function of progenitor mass m.
These are derived from observations of metal-poor halo
stars and core-collapse SNe with known progenitor and
ejected 56Ni mass (the main source of 56Fe by the decay
56Ni ! 56Co ! 56Fe). Such iron yields have to satisfy
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Fig. 15. [el/Fe] distribution of model stars for O, Mg, Si and Ca resulting from the iron yield shown in Fig. 11 (model S2).
the following constraints: First, the IMF averaged stel-
lar yields should reproduce the mean oxygen and mag-
nesium abundances of metal-poor halo stars. Second, the
range and scatter observed in [O/Fe] and [Mg/Fe] ratios of
metal-poor halo stars has to be reproduced. This in turn,
in conjunction with stellar oxygen and magnesium yields,
leads to upper and lower boundaries for YFe (m). Third,
no slope should be introduced by YFe (m) in the [el/Fe]
distribution of model stars that is not compatible with
observations. And last but not least, the progenitor mass
dependence of the iron yield should be consistent with the
ejected 56Ni mass of observed SNe II with known main-
sequence mass.
These constraints severely curtail the possible iron
yield distributions but are not stringent enough to deter-
mine YFe (m) unambiguously. The situation is somewhat
dubious also because of SN 1997D and SN 1998bw. The
models recovering their light-curve give in each case two
signicantly dierent progenitor masses. It is therefore not
the intention of this paper to present an iron yield that
gives a \best t" to observations but to determine the
main dependence of YFe (m) on the progenitor mass m.
The main results of this work are summarized in the
following points:
1. Abundance observations of metal-poor halo stars and
core-collapse SNe in conjunction with oxygen and mag-
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Table 1. Iron yields YFe (m) proposed in Sect. 4. The rst col-
umn gives the progenitor mass m in solar masses. The following
columns give the iron mass (in solar masses) synthesized in the
corresponding SN event according to nucleosynthesis calcula-
tions of Thielemann et al. (1996) and Nomoto et al. (1997) {
denoted by TN { and the models S1, S2, H1 and H2.
m TN S1 S2 H1 H2
10 1.6E-02 1.5E-04 1.6E-04 1.5E-04 1.5E-04
11 8.0E-02 1.9E-03 1.9E-03 1.8E-03 1.8E-03
12 1.3E-01 6.8E-03 6.8E-03 6.7E-03 6.8E-03
13 1.6E-01 2.0E-02 2.0E-02 1.9E-02 1.9E-02
14 1.6E-01 5.2E-02 5.2E-02 5.1E-02 5.1E-02
15 1.4E-01 5.5E-02 5.5E-02 5.6E-02 5.6E-02
16 1.2E-01 6.0E-02 6.0E-02 6.0E-02 6.0E-02
17 1.1E-01 6.3E-02 6.3E-02 6.3E-02 6.3E-02
18 1.0E-01 6.7E-02 6.7E-02 6.7E-02 6.7E-02
19 9.0E-02 7.0E-02 6.9E-02 6.9E-02 7.1E-02
20 8.0E-02 7.1E-02 7.0E-02 6.9E-02 7.1E-02
21 7.4E-02 1.1E-01 7.0E-02 7.1E-02 1.1E-01
22 7.0E-02 1.8E-01 7.0E-02 7.3E-02 1.8E-01
23 6.5E-02 2.7E-01 7.0E-02 7.6E-02 2.7E-01
24 6.1E-02 4.2E-01 7.0E-02 7.8E-02 4.2E-01
25 5.8E-02 5.9E-01 7.0E-02 8.1E-02 5.9E-01
26 5.9E-02 5.1E-01 7.0E-02 1.9E-03 1.9E-03
27 6.1E-02 4.3E-01 7.0E-02 9.6E-03 6.7E-03
28 6.3E-02 3.7E-01 7.0E-02 2.3E-02 1.6E-02
29 6.5E-02 3.2E-01 7.0E-02 4.9E-02 3.4E-02
30 6.7E-02 2.7E-01 8.2E-02 8.2E-02 5.8E-02
31 6.9E-02 2.2E-01 9.8E-02 1.3E-01 8.9E-02
32 7.1E-02 2.0E-01 1.2E-01 1.8E-01 1.3E-01
33 7.3E-02 1.8E-01 1.4E-01 2.4E-01 1.7E-01
34 7.5E-02 1.6E-01 1.7E-01 3.0E-01 2.1E-01
35 7.7E-02 1.5E-01 2.0E-01 3.5E-01 2.4E-01
36 7.9E-02 1.4E-01 2.3E-01 3.9E-01 2.7E-01
37 8.1E-02 1.3E-01 2.8E-01 4.4E-01 3.1E-01
38 8.3E-02 1.3E-01 3.3E-01 4.8E-01 3.3E-01
39 8.5E-02 1.2E-01 3.9E-01 5.3E-01 3.6E-01
40 8.6E-02 1.2E-01 4.6E-01 5.8E-01 3.9E-01
41 8.7E-02 1.1E-01 5.3E-01 6.4E-01 4.3E-01
42 8.7E-02 1.1E-01 6.3E-01 6.9E-01 4.5E-01
43 8.7E-02 1.0E-01 7.6E-01 7.7E-01 4.9E-01
44 8.7E-02 1.0E-01 8.8E-01 8.6E-01 5.3E-01
45 8.7E-02 9.8E-02 1.0E-00 9.3E-01 5.8E-01
46 8.7E-02 9.6E-02 1.2E-00 1.0E-00 6.1E-01
47 8.7E-02 9.6E-02 1.4E-00 1.1E-00 6.5E-01
48 8.7E-02 9.5E-02 1.6E-00 1.2E-00 7.0E-01
49 8.6E-02 9.5E-02 1.8E-00 1.2E-00 7.4E-01
50 8.6E-02 9.5E-02 2.1E-00 1.3E-00 7.9E-01
nesium yields from nucleosynthesis models provide a
valuable tool to constrain the amount of ejected iron
in a SN event as function of the main-sequence mass
of its progenitor.
2. The [el/Fe] distribution of model stars as function of
metallicity [Fe/H] is quite sensitive to the iron yield of
SNe with progenitors in the mass range 10 − 20 M.
A steep increase of YFe (m) from approximately 1:5 
10−4 M for a 10 M progenitor to 5:5  10−2 M for
a 15 M progenitor followed by a slow increase to 7:1 
10−2 M for a 20 M progenitor is required to give an
acceptable t to the observations of metal-poor halo
stars.
3. The further trend of YFe (m) in the mass range 20 −
50 M cannot be determined by the data available. For
this mass range we have deduced four possible iron
yield distributions (models S1, S2, H1 and H2) that
correspond to the four dierent combinations of prob-
able progenitor masses of SN 1997D and SN 1998bw.
4. Although the detailed dependence of YFe (m) on the
progenitor mass can not yet be deduced (especially in
the mass range 20−50 M), we are able to distinguish
between iron yield distributions that are feasible from
the point of view of inhomogeneous chemical evolution
from others that are not.
5. Iron yield distributions derived from observations in
conjunction with inhomogeneous chemical evolution
models yield constraints on the mass-cut in a SN event
and can thus be used as benchmarks for future core-
collapse supernova/hypernova models.
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